Abstract
Background and Aims
Obesity is a growing worldwide epidemic. Thus, approximately 312 million people are obese and 1.7 billion are overweight [1, 2] . Obesity is a disease associated with an increased mortality risk [3] and is also associated with higher health costs [4] . Nonsurgical interventions have failed to achieve long-lasting weight loss. Only bariatric surgery leads to permanent weight loss and reduction in obesity-related comorbidities, such as type 2 diabetes, hyperlipemia, hypertension, coronary artery disease, in the majority of morbidly obese patients [5] [6] [7] [8] [9] [10] [11] .
However, after bariatric surgery an important number of patients present mineral and vitamin deficiencies, although they are receiving a routine supplementation [12] .
Lifestyle intervention therapies, that include changes in diet and increased physical activity, often produce insufficient weight loss and inadequate weight loss maintenance. Bariatric surgery is currently regarded as the most effective treatment option for severe obesity in adults [8, 13, 14] . Bariatric surgery has medical as well as economic advantages [10, 14] . Large studies have shown a significant reduction in long-term total mortality (including deaths from diabetes mellitus), cardiovascular-related events and cancer following gastric bypass surgery [14, 15] . Bariatric surgery is feasible and safe, when carried out in specialized medical institutions with a multidisciplinary setting [16] . This type of surgery is divided into three categories: restrictive, malabsorptive and hybrid procedures, the later combining gastric restriction and malabsorption. For example, the sleeve gastrectomy (SG), a restrictive procedure, a small tube is created by resecting the majority of the stomach, as shown in Figure 1 . Roux-en-Y bypass surgery (RYGB) is a hybrid procedure, which involves the creation of a small (15-30 ml) gastric pouch by transecting the stomach and then draining the pouch via a Roux limb. The Roux limb (75-150 cm) is the segment of bowel between then small gastric pouch and the jejunojejunostomy.
The SG and RYGB were the most common bariatric approaches in Europe and North-America, respectively [13] . Despite routine supplementation of minerals and vitamins, different bariatric surgery procedures frequently cause a variety of nutritional and metabolic complications [12, 17] . Purely restrictive intervention, such as SG, tends to cause fewer deficiencies than do malabsorptive procedures, such as RYGB and biliopancreatic diversion (BPD) [12, 18, 19] . The nutrient deficiencies are related to reduction in food intake as well as the physiological impact of surgically induced anatomical changes in the gastrointestinal tract.
The aim of this review was to summarize the current knowledge on nutritional deficiencies following bariatric surgery.
Micronutrient deficiencies in bariatric surgery patients
Minimal information exists regarding micronutrient requirement after bariatric surgery. Micronutrients are essential factors that are required by humans in microgram or milligram quantities, being involved in various metabolic pathways. Micronutrients include trace elements (such as chromium, selenium, zinc), water soluble vitamins (such as thiamine-vitamin B1, riboflavin-vitamin B2, niacin-vitamin B3, folic acid, pyridoxinevitamin B6, biotin, cobalamin-vitamin B12, vitamin-C, etc.), fat soluble vitamins (vitamin A, D, E, and K) and essential minerals (including iron, calcium and iodine).
Because vitamin and mineral deficiencies are common after bariatric surgery, many bariatric programmers recommend taking one comprehensive tablet that contains multivitamins and minerals, as well as daily calcium supplementation after surgery [20] . These deficiencies are associated with a decrease in food intake and with the physiological influence of the anatomical changes performed in the gastrointestinal tract [12, 21] . It is important to note that some patients already present nutrient deficiencies before surgery (secondary to various alimentary disorders), with a higher prevalence of abnormalities within one year after surgery [17] .
Deficiency of fat soluble vitamins
Vitamin D Calcium and vitamin D deficiencies are a significant problem in the bariatric surgery patient, with resultant osteoporosis or osteomalacia and associated fractures [22, 23] . In normal state, vitamin D is absorbed in the ileum or produced in the skin in response to ultraviolet B radiation [24] . Moreover, vitamin D obtained from the diet or cutaneous synthesis is taken up by the adipose tissue, which stores vitamin D for subsequent release and metabolism at time when production is reduced [17, 25] 
Deficiency of trace minerals

Iron (Fe)
Iron deficiency affects 6-33% of bariatric surgery patients after 1 year [22], and is a major cause of anemia among this patient population. Iron is predominantly absorbed in the duodenum and proximal jejunum, which are bypassed post-surgery. Moreover, hypochlorhydria after RYGB prevents conversion of ferric to the absorbable ferrous iron and further decreases its absorption [49] .
Treatment with iron is recommended for all these patients; additional supplementation is required for menstruating women [22] 
Conclusion
Bariatric surgery has proven to be an effective weight loss treatment for obesity and its comorbidities. Considering the serious consequences of nutritional deficiencies associated with weight loss, it is important that early identification, specific treatment and routine prophylactic micronutrient supplementation are recognized as a key component in the successful management of the bariatric surgery patients. Physicians who treat patients after bariatric surgery need to have standardized approaches to micronutrient supplementation and postoperative evaluation. Further studies are needed to evaluate if the standardized measurements of micronutrient blood levels are adequate for the assessment of clinically relevant nutritional deficiencies.
